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(57) ABSTRACT 
A moldable and heat recoverable composition with 
improved heat aging and electrical insulating charac 
teristics comprising an admixture of vinylidene 
fluoride/hexafluoropropylene copolymer and a poly 
mer of vinylidene fluoride, which may be the homo 
polymer, cross-linked by exposure to from 1 to 20 
megarads of ionizing radiation. The resultant composi 
tion has qualities superior to the starting components, 
and its flexibility can be controlled by the relative 
amount of each component added to the admixture. 

3 Claims, No Drawings 
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MOLDABLE AND HEAT RECOVERABLE 

COMPOSITION COMPRISING AN ADMIXTURE OF 
WNYLEDENE 

FLUORDE/HEXAFLUOROPROPYLENE 
COPOLYMER AND A POLYMER OF WINYLDENE 

FLUORDE 
This is a continuation of application Ser. No. 

137,620, filed Apr. 26, 1971, and now abandoned. 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention pertains to thermosetting polymeric 

compositions. More particularly, it pertains to a cured 
admixture of vinylidene fluoride/hexafluoropropylene 
copolymer and a polymer of vinylidene fluoride. 

2. Description of the Prior Art 
A number of thermosetting plastic compositions are 

currently available for use in high temperature applica 
tions. A considerable degree of variance is encountered 
in their physical properties both at room temperature 
and when subjected to elevated temperatures for vari 
ous period of time. Fluoroelastomer rubbers, about 
which much information has been published, have been 
used quite successfully within the temperature range of 
150°C. to 300°C. for various electrical insulating pur 
poses, such as wire insulation and molded shaped insu 
lating pieces. One fluoroelastomer that exhibits excel 
lent thermal stability properties is vinylidene 
fluoride/hexafluoropropylene copolymer, varieties of 
which are produced commercially by companies such 
as E. I. Dupont de Nemours, Inc. (under the trademark 
"VITON') and 3M Company (under the trademark 
FLUORIL). VTON is a copolymer containing from 70 
to 30% by weight of vinylidene fluoride units and from 
30 to 70% by weight of hexafluoropropene units. The 
gum stock is normally processed by compounding with 
a metal oxide and polyfunctional amine and curing via 
a two-step cycle. The metal oxide and polyfunctional 
amine dehydrofluorinate the vulcanizite under heat, 
followed by the addition of amine to afford chemical 
cross-linking. The polyfunctional amine reaction gen 
erates moisture that is removed in the second step by 
oven baking the partially cured samples. The curing 
process typically requires a press step lasting 30 min 
utes at a temperature from 135 to 163°C., and a bak 
ing step lasting 24 hours at a temperature from 204 to 
260°C. 
The cured VITON copolymer can be heated to near 

its original melting point, expanded in an air pressure 
or vacuum sizing system, chilled in the expanded state 
and then heat recovered over an electrical conductor. 
As a gum stock, however, it cannot be expanded. Like 
most general fluoroelastomers the cured polymer de 
grades by chain scission under radiation exposure, es 
pecially at the higher temperatures at which they are 
otherwise most useful. 
Another polymer with desirable physical and thermal 

properties is vinylidene fluoride polymer cross-linked 
by high-energy ionizing radiation. The cross-linking 
cure is taught by Timmerman in U.S. Pat. No. 
3, 142,629, and requires at least 8 megarads of radia 
tion. Unlike other fluorinated polymers vinylidene fluo 
ride resins undergo cross-linking rather than degrada 
tion from ionizing radiation up to at least 100 mega 
rads. The cured polymer exhibits good short-term resis 
tance to high temperatures, but deteriorates under 
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2 
long-term exposures, and tends to split when heat re 
covered over metal conductors. 

SUMMARY OF THE INVENTION 

it has been found that when the uncured vinylidene 
fluoride/hexafluoropropylene copolymer is blended 
with uncured vinylidene fluoride polymer, irradiating 
the blend with as little as one megarad produces a supe 
rior material with excellent electrical insulating proper 
ties. The new material achieves a thermal aging rating 
greater than that of vinylidene fluoride polymer as 
cured according to Timmerman and on a par with vi 
nylidene fluoride/hexafluoropropylene cured by the 
above-described two-step process, yet is easier to pro 
cess and exhibits greater dielectric strength than the 
latter. The flexibility of the new material may be con 
trolled by adjusting the relative proportion of each 
component in the blend. It is easily extruded, heat re 
covered or molded, and is readily adapted to use as a 
heat recoverable sleeving, wire or cable insulation, or 
molded insulating device. Accordingly, it is an object 
of this invention to provide a new composition with im 
proved heat/age stability, electrical and radiation prop 
erties, and a method for creating the new composition. 
Another object of this invention is the provision of a 
new heat resistant insulating composition comprising 
an irradiated blend of vinylidene fluoride/hexafluoro 
propylene resin and vinylidene fluoride polymer, hav 
ing characteristics superior to either of its components 
as cured by currently used techniques. 
Various other objects and advantages of the present 

invention will become apparent to those skilled in the 
art from the ensuing description and disclosure. 
DETALED DESCRIPTION OF THE INVENTION 

Uncured vinylidene fluoride/hexafluoropropylene 
copolymer and uncured vinylidene fluoride polymer 
are first blended together on a thermoplastic or rubber 
mill in relative proportions selected according to the 
flexibility sought from the final composition. After an 
intermediate processing step such as molding or extru 
sion, the blend is exposed to high energy radiation. The 
particular techniques involved in radiation process of 
plastics are known in the art, and it is not necessary to 
repeat them (e.g. Smith, Radiation Processing of Plas 
tics, MODERN PLASTICS Encyclopedia, 1965 edi 
tion). What is unique here is a radiation cured blend of 
two particular materials, one of which is by itself nor 
mally cured by chemical means, to emerge with a new 
material that retains or exceeds desirable qualities 
found in each component. In addition, it has been dis 
covered that whereas a minimum of 8 megarads are 
necessary to cross-link polyvinylidene fluoride, only 2 
or 3 megarads of radiation are necessary to cross-link 
the present composition when a common cross-linking 
promoter is added to the blend. Since polyvinylidene 
fluoride begins to decompose at a radiation exposure 
much above 100 megarads, a practical limitation is 
thereby imposed on the radiation-dependent crosslink 
density that can be achieved. Commencement of cross 
linking at lower radiation levels permits higher cross 
link densities both absolutely and at each radiation 
level. 

In order to illustrate the process and composition of 
this invention, the following two examples are pres 
ented. These examples are for purposes of illustration 
and are not to be construed as unnecessarily limiting, 
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either as to relative amounts or the nature of the ingre 
dients. For example, it is not necessary that the homo 
polymer of vinylidene fluoride be used; a certain 
amount of dilution by other resin forming organic na 
terials is permissible. In fact the vinyl idene fluoride 
polymer used in the following examples, produced by 
Pennwalt, Inc. under the tradename "KYNAR,' con 
tains about 5 percent by weight of tetrafluoroethylene. 

EXAMPLE . 

275 parts by weight of Kynar 5200 was blended with 
225 parts of Viton AHV, 15 parts of triallyl isocyanu 
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An inspection of Table I will reveal that the novel 

material herein described may be advantageously used 
as an insulating sleeving. The material readily adapts to 
well known heat recovering techniques whereby a 
closely fitted sleeving is formed. 

The materials of Examples I and II have different 
flexibilities, as indicated by the secant modulus at a 2% 
strain (ASTM D882), flexibility increasing as secant 
modulus decreases. Table II compares Examples I and 
II with their components and with two popular thermo 
plastics. 

TABLE I 

TYPICAL PROPERTIES OF PREFERRED INSULATION SLEEVINGS 

Test Example I Example II Kynar 5200 Viton" Polyethylene(AMS-3636B) 

Tensile strength (psi) 5,000 6,700 3,900 1,700 2,600 
Elongation (%) 300 300 150 400 300 
Specific Gravity 2.0 2.3 1,8 1.7 1.3 
Dielectric Strength 1,000 1,000 sk 600 1, 75 
(Fed. Std.406) (VPM) 
Dielectric Constant 4.88 4.66 6 approx.6 2.5 
(Fed. Std.406) (1 mhz) 
Heat Resistance Pass Pass Pass Pass Pass 
168 hrs, at 175°C. 
Mandrel Bend, 
No Cracking 
Heat Resistance 
96 hrs. at 250°C. 
A) Tensile strength (psi) 3,400 3,500 sk sk Samples 
B) Elongation (%) 200 130 250 250 Broke 
C) Dielectric strength(VPM) 1,300 l, 100 1,000 k 
Heat Resistance Pass Pass Fail ck Fai 
1000 Hrs., at 225°C. 
No Drip, Cracks 

"Based on 8( Shire. A cured stek 
* Incy textual 

rate (a cross-linking promotor) and 5 parts of a color TABLE I 
concentrate containing channel black and Kynar 5.20() 
to a 20:l let down ratio; the blend was then irradiated. SECANT MODU, US AT 2% STRAIN in PS 

Example 5(),()()() 
40 Example II 16,000 

EXAMPLE I. Kynar 5200 200,000) 
Viton k 

430 parts by weight of Kynar 5,200 was blended with 
70 parts of Viton AHV, 15 parts of triallyl isocyanu 
rate, and 5 parts of the color concentrate of Example 
1, then irradiated. The Viton AHV used in the forego 
ing examples is a copolymer of nominal composition: 
60 weight % vinylidene fluoride and 40 weight% hexa 
fluoropropylene or 77.8 mole % CH = CF, and 22.2 
mole % CFCF = CF. The molecular weight (Mn) of 
VITONAHV is 200,000. 
Referring to a recent article by Howard Reymers (A 

New Temperature Index: Who Needs It, What Does It 
Tell, MODERN PLASTICS, Sept., 1970, pp. 78-81), 
a thermal aging rating system used by Underwriters' 
Laboratories is presented in which an Arrhenius curve 
of time to 50% reduction in impact, tensile or dielectric 
strength versus temperature is plotted for the test mate 
rial and compared to a control. According to this sys 
tem the new insulating material of the present inven 
tion can be conservatively rated on 200C. This rating 
exceeds that for Kynar (175°C.) and is on a par with 
chemically cured Viton. 
Tests have been performed on a group of materials 

used by the aerospace/airframe industry and consid 
ered outstanding with respect to thermal age stability 
and electrical properties, and the results compared 
with those for Examples I and I in Table I. 
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Flexible polyvinyl chloride 
Low density polyethylene 

*Viton secant modulus varies with degree of amin frnetal oxide cure. lowest with 
no cure. Unahle to determine secant modulus on non-cured sample. 

Because of the new material's ease of processing, re 
duced dielectric constant over its component materials 
and its excellent flexibility and thermal aging charac 
teristics, is may be used as a wire cable insulation. One 
example of a particular application is MIL-W-16878, 
covering wiring insulations rated at 105°C. to 260°C. It 
has a gap between 105 °C. and 200C. where no mate 
rial is covered. It may be assumed from Table I that 
even a high concentration of vinylidene fluoride, which 
appears to reduce elongation, may be safely rated at 
175°C. and fit into the MIL-SPEC scheme. 
Another area in which the material is particularly 

useful is as a molded electrical insulating device. The 
flow of the material in a compression mold indicates it 
can be molded into electrical connectors and the like 
with little shrinkage and a minimum of the voids typical 
of molding materials. The thickest sections of the 
molded part should be related to the energy of the irra 
diation device to ensure cross-linking throughout the 
part. For example, electrons at an energy level of 1 
MeV penetrate unit density stock approximately one 
eighth inch, so thicker sections would require higher 
energy levels. 
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It is to be understood that the foregoing description 
and examples are by way of illustration only and not for 
the purpose of limitation. Numerous changes and varia 
tions may be made without departing from the spirit 
and scope of the invention, which is limited only in 
terms of the appended claims. 

| claim: 
1. A novel thermosetting composition comprising an 

admixture of vinylidene fluoride/hexafluoropropylene 
copolymer, containing from 70 to 30% by weight of vi 
nylidene fluoride units and from 30 to 70% by weight 
of hexafluoropropene units, and a polyvinylidene fluo 
ride, cross-linked by irradiation with highenergy elec 
trons in a range of approximately 1-20 megarads, and 
wherein the ratio of weight of vinylidene fluoride/hexa 
fluoropropylene copolymer to vinylidene fluoride poly 
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6 
mer is in the range of 225:275 to 70:430. 

2. The novel composition of claim 1 wherein said 
polymer of vinylidene fluoride is a homopolymer of vi 
nylidene fluoride. 

3. A molded structure comprising an admixture of 
vinylidene fluoride/hexafluoropropylene copolymer, 
containing from 70 to 30% by weight of vinylidene flu 
oride units and from 30 to 70% by weight of hexafluor 
opropene units, and a polyvinylidene fluoride, cross 
linked by irradiation with high-energy electrons in a 
range of approximately 2-100 megarads, and wherein 
the ratio by weight of vinylidene fluoride/hexafluoro 
propylene copolymer to vinylidene fluoride polymer is 
in the range of 225:275 to 70:430. 
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